A chemiluminescence system, Milliflex Quantum MFQ , to detect microcolonies, has been used in the pharmaceutical field. In this study, we investigated aquatic bacteria in hemodialysis solutions sampled from bioburden areas in 4 dialysis faculties. Using MFQ, microcolonies could be detected after a short incubation period. The colony count detected with MFQ after a 48-hour incubation was 92 39 , compared to that after the conventionally used 7-14-day incubation period in addition, the results also showed a linear correlation. Moreover, MFQ-based analysis allowed the visualization of damaged cells and of the high density due to the excessive amount of bacteria. These results suggested that MFQ had adequate sensitivity to detect microbacteria in dialysis solutions, and it was useful for validating the conditions of conventional culture methods.
detect microcolonies within a short incubation period by using a fluorescent dye that specifically stains the kinase protein in viable microbes. MLHW, 2011b We herein examined the effectiveness of MFQ in assessing the cleanliness of hemodialysis solutions.
Hemodialysis fluid and reverse osmosis RO water samples were aseptically collected from bioburden areas of 4 hemodialysis facilities. Before embarking on this study, we found the optimal filtration volume of each solution by which the number of viable cells per filter becomes 10 to 20 CFU. An aliquot of each sample was immediately passed through a membrane filter with a diameter of 50 mm and a pore size of 0.45 m. For each sample, 2 membranes were prepared, placed on the R2A plates, and incubated at 26 . Colonies Domestic Kawanishi, et al., 2009 , MLHW, 2011a and international standards ISO, 2011 have defined cleanliness in hemodialysis solutions based on the criteria of the permissible levels for the total viable microbial count. The determination of microbial counts based on the conventional assays involves an incubation of 5 to 14 days to allow growth of aquatic bacteria. Thus, in bioburden control, validation of the routine water testing requires several weeks, as well as an adequate number of operating procedures. In the pharmaceutical field, Milliflex Quantum MFQ Merck Millipore, Nihon Millipore KK has mainly been used to may often result in a variable growth rate. Samples from facility B showed relatively low colony counts by the 48h-MFQ incubation triangle in Figure 1b left . Thus, we deduced the growth rate might affect the results. Caulobacter crescentus, identified with the 16S rRNA sequence analysis, was one of the slow-growing strains in the sample. Detection usually takes more than a 10-d incubation in the conventional method. The strain was not detected by 48hr-MFQ, and more time for detection would be required even by MFQ. These findings suggested that there was a need to consider the optimal incubation time for each facility. However, the emerging on the membranes were counted, and MFQ was applied onto one membrane after 48 h of incubation the other was incubated for 7 to 14 days and screened for any emerging colonies Figure 1a . We divided the number of colony-forming units in the 48-h incubation MFQ membrane by the number of colonies detected in the 7 to 14-d incubation membrane MLHW, 2011c . The validity of the 48-h MFQ incubation is shown in Figure 1b The ratio of the number of colonies detected after the 48-h MFQ incubation to that confirmed visually after the 7-14 d incubation at all the 4 facilities, n 18 . Linearity Right : Hemodialysis solution from facility C was used because a stable trend value was observed 10 2 CFU/10 ml . At 3 instances, we changed the volumes of test solutions from 10 to 100 ml. The colony count after the 7-14 d incubation can be estimated from the number of colonies detected by MFQ. The notation of the day given at the top of the figures is the sampling day after starting the cleaning, and the bottom numbers are the colony forming units on each sample found after conventional incubation and 48-h MFQ incubation. We assessed the effect of initial cleaning after the introduction of a new dialysis machine Facility B, 20 ml dialysis fluid of bioburden area . b Observation of micro colonies due to high density: In this case, we made observations with MFQ after a conventional 14-d incubation period. 50 ml of dialysis fluid from facility D was filtered and incubated for 14 days. Although only 2 colonies were visually confirmed, the membranes emitted an odor. Many more colonies were detected on the same membrane by MFQ. This is the case in which we began to look for appropriate filtration amounts with MFQ. c Impact of cleaning and disinfecting on the culture method: Observation was also done with MFQ after a conventional 14-d incubation period. RO water was sampled 2 days after cleaning the RO membrane. Briefly, 100 ml of RO water from facility A was filtered and incubated for 14 d. These microcolonies were regarded as so-called damaged bacteria because of the disinfection are their temporary appearance and disappearance 5 to 7 days after the cleaning. Tsuchido, et al., 1989 are unable to form colonies that are visible using the traditional incubation assay ISO, 2011 . In both cases, non-visible colonies on the membrane are detected by smell however MFQ allows their visualization using fluorescent staining. The MFQ thus serves as a novel approach in validating the conventional culture method in terms of the timing for the sample collection, incubation period and assay volume for routine use in a facility.
MFQ 48hr incubation
We concluded the MFQ approach allows the rapid detection of microcolonies in fluids. This assay may also be useful in validating traditional tests for detecting microorganisms.
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A part of this study was financially supported by the Dialysis Research Promotion of Fiscal Year 2011-2013 of the Japanese Association for Dialysis Physicians. detection assay were satisfactory MHLW, 2011c , while the linearity was maintained in which the number of colonies that were visually confirmed after 14 days of incubation was regarded as the gold standard.
In clinical implementation, the effectiveness of MFQ is conspicuous for the validation of the initial cleaning. When a new hemodialysis machine is introduced, the manufacturer generally recommends an initial cleaning of the equipment for at least 1 week. After cleaning was performed in facility B, bacteria were detected until day 5 and gave negative results after day 7 Figure 2a . The number of colonies was almost similar in both the 48h-MFQ and conventional methods. The cleanliness in hemodialysis solutions was confirmed on day 14 by using the conventional assay, whereas detection was confirmed on day 9 by using the MFQ approach. Eventually, we continued the cleaning of the system until day 9, while observation continued for 2 weeks. MFQ significantly reduces the time for the detection of microbes compared to the conventional method, allowing immediate response for biocontrol activities. That may be a great benefit because it reduces the need for cleaning assessment and enhances routine operations and the maintenance of a facility.
In addition, the MFQ assay was useful in detecting slow-growing, non-visible colonies on the conventional 14-day incubation membrane. We found 2 interesting situations to improve the accuracy of viable cell counts with the membrane filter method. MFQ has the advantage in the observation of microcolonies due to high density. A large number of bacteria on a membrane is generally inhibited from forming colonies however, MFQ allows the fluorescence visualization of microbes in a 14-day incubation period. Although only 2 colonyforming units were visually confirmed Figure 2b , left , more microcolonies were detected by MFQ Figure 2b , right . These may also result in the detection of viable but non-culturable bacteria in the dialysis fluids Yamaguchi et al, 2007 . These microcolonies were capable of growing to a visually detectable size within a 14-day culture period, if the solution volume for the measurement could be reduced to avoid the inhibition by bacterial overload Osono and Hayama, 2010 . In this case, when it was reduced to 1/50, the microbial count was 25 CFU/mL. MFQ may also be used in determining the optimal amount of filtration for the membrane filtration method.
MFQ was also useful in finding the impact of cleaning and disinfecting on the culture method. In Figure 2c , RO water of facility B was collected 2 days after cleaning of the RO tank, and microcolonies were observed on the MFQ membrane after 14 days of incubation. However, only one colony was visually observed using the
